Abstract. In this paper, we introduce a class of vector-valued four-dimensional wavelet packets according to a dilation matrix, which are generalizations of univariate wavelet packets. The defini -tion of biorthogonal vector four-dimensional wavelet packets is provided and their biorthogonality quality is researched by means of time-frequency analysis method, vector subdivision scheme and functional analysis method. Three biorthogonality formulas regarding the wavelet packets are es -tablished. Finally, it is shown how to draw new Riesz bases of space 24 () n LR from these wavelet packets. The sufficient condition for the existence of four-dimensional wavelet packets is estab -lished based on the multiresolution analysis method.
Introduction
Mechanical engineering is a discipline of engineering that applies the principles of physics and materials science for analysis, design, manufacturing, and maintenance of mechanical systems. It is the branch of engineering that involves the production and usage of heat and mechanical power for the design, production, and operation of machines and tools. It is one of the oldest and broadest engi -neering disciplines. Chen [1] introduced the notion of orthogonal vector-valued wavelets [2] , Every frame(or Bessel sequence) determi-nes an analysis operator, the range of which is important for a lumber of applications.prefiltering is usually required for discrete multiwavelet transforms [3] but not necessary for discrete vector-valued transforms. Wavelet packets, owing to their nice characterristics, have been widely applied to signal processing [4] , code theory [5] , image compression [6] , solving integral equation and so on. Coifman and Meyer firstly introduced the notion of univariate orthogonal wavelet packets. Yang [7] constructed a-scale orthogonal multiwavelet packets which were more flexible in applications. It is known that the majority of information is multi-dimensional information. Shen [8] introduced multivariate orthogonal wavelets which may be used in a wider field. Thus, it is necessary to generalize the concept of multivariate wavelet packets to the case of multivariate vector-valued wavelets.
Notations and preliminaries on vector-valued function space
We start from some notations. Set 
In what follows, we introduce the notion of vector-valued multiresolution analysis and give the definition of biorthogonal vector-valued wavelets of space Equation (6) Lemma 1 [4] . Let 
